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Energy Solutions are Enormously
Challenging

Must address all three imperatives
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U.S. Energy Consumption and the
Role of Renewable Energy

Units = Qbtu/year
Source:  Energy Information Administration,  Annual Energy Outlook 2009 early release, Table A1
http://www.eia.doe.gov/oiaf/aeo/pdf/appa.pdf

2006

Oil 
41%

Gas 
22%

Coal 
22%

Nuclear 
8%

Renewables
6%

2030

Oil 
37%

Gas 
22%

Coal 
23%

Nuclear 
8%

Renewables 9%

34% increase
in consumption



World Energy Supply and
the Role of Renewable Energy

Units = Mtoe
Source:  IEA/OECD, World Energy Outlook 2008,  page 78, table 2.1
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2006

Oil 
34%

Gas 
21%

Coal 
26%

Nuclear 6%

Renewables 13%

2030

Oil 
30%

Gas 
22%

Coal 
29%

Nuclear 5%

Renewables 14%

55% increase
in consumption



A Range of Possible Futures…
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EIA  AEO2008 

(3.4%) for Base 

Year 2006

PEW AOG Policy (20.6%)

PEW TT Policy (20%)

PEW TW 

Policy 

(17.8%)

PEW TT 

(12.9%)

PEW TW 

(10.7%)

PEW AOG 

(5.5%)

IEA  WEO Ref  (7.8%)

EIA  AEO LEG (6.8%)

EIA  AEO HEG (6.7%)

EIA  AEO Ref  (6.7%)

EIA  AEO HEP (6.6%)

EIA  AEO LEP (6.5%)
NAM RES (3.2%)

NAM PES (1.8%)

Fossil fuel price assumptions for the 

scenario year range from:

Oil: $21 - $100 per bbl

Coal: $20 - $25 per ton

Natural Gas: $4 - $8 per mcf

Progressive: Progressive 

policy change & rapid 

technological advancement.

Moderate: Moderate policy & 

technological change.

Laissez-Faire: Minimal policy, 

slow technological change, greater 

reliance on fossil fuels.
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Economic Stimulus Through Harvesting
Past Energy Investments

U.S. Renewable Electricity Installed Nameplate Capacity

Source:  EIA Annual Energy Outlook 2009 Early Release

First Generation Clean Energy Technologies



Current Clean Energy Trends
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    Renewable Energy Cost Trends
Levelized cost of energy in constant 2005$1

Source: NREL Energy Analysis Office (www.nrel.gov/analysis/docs/cost_curves_2005.ppt)
1These graphs are reflections of historical cost trends NOT precise annual historical data. DRAFT November 2005
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Technology Development
Programs

Efficient Energy Use
• Vehicle

Technologies
• Building

Technologies
• Industrial

Technologies

Energy Delivery and
Storage

• Electricity
Transmission and
Distribution

• Alternative Fuels
• Hydrogen Delivery

and Storage

Renewable Resources
• Wind and water
• Solar
• Biomass
• Geothermal
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Foundational Science and Advanced Analytics
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Energy Efficiency



Energy Efficiency Offers Low or No-
Cost Carbon Reduction Options

Component by component analysis (e.g., “insulation”)
understates value of “whole-building” systems approach

Building Efficiency (in red)
represent largest No-Cost option

Source: McKinsey Global Institute, 2007  



Average 1990’s home

Homeowner cost
for low energy home*
is the same as minimum
code home

* low energy home requires 65% less energy

• NREL Analysis using BEOpt software for Boulder,CO climate

Example taken from the “GEOS” Neighborhood. Courtesy of Wonderland Hills Development, Boulder Colorado

Net-Zero Energy Homes That Are Cash
Flow Neutral



Buildings
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Status U.S. Buildings:
• 39% of primary energy
• 71% of electricity
• 38% of carbon emissions

DOE Goal:
• Cost effective, marketable zero energy

buildings by 2025
• Value of energy savings exceeds cost of

energy features on a cash flow basis

NREL Research Thrusts
• Whole building systems integration of

efficiency and renewable features
• Computerized building energy optimization

tools
• Building integrated PV

April 10, 2008
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Renewable Electricity Supply
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Technology Innovation Challenges Remain
The Next Generation

• Wind Turbines
– Improve energy capture and

decrease costs
– Goal:  20% of U.S. electricity

generation by 2030
• Biofuels

– New feedstocks
– Integrated biorefineries
– Goal:  36B gal/year by 2022

• Solar Systems
– Improved performance and

reduced manufacturing costs
– Nanostructures/new materials
– Goal:  10% of U.S. electricity by

2025
– New Supply Options

• New Renewable Supply Options
• More Efficient Buildings
• PHEV & High Efficiency Autos
• Smart Grid
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Wind

Photo credit: Megavind

NREL Research Thrusts
• Improved performance and reliability
• Advanced rotor development
• Utility grid integration



8.22-megawatt Alamosa, Colo., PV solar plant

Solar Research Thrusts
Photovoltaics
• Higher performance

cells/modules
• New nanomaterials applications
• Advanced manufacturing

techniques

Concentrating Solar Power
• Low cost high performance storage

for baseload markets
• Advanced absorbers, reflectors, and

heat transfer fluids
• Next generation solar concentrators
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Feedstocks

Lignocellulosic Biomass
Perennial
- Herbaceous
- Woody

Annual Crops
Sugar/Starch
(corn, sugarcane,
wheat, sugarbeet, etc.)

Other Residues
- Forestry, forest products
- Municipal and urban:
green waste, food, paper, etc.
- Animal residues, etc.
- Waste fats and oils

Plant Oils/Algae

Transportation Fuels
Ethanol &

Mixed Alcohols   or
 Methane or Hydrogen

Diesel*

Methanol

Gasoline*

Diesel*

Gasoline* &
Diesel*

Diesel*

Gasoline*

Hydrogen

Ethanol, Butanol,
Hydrocarbons

Bio-Methane

 Biodiesel
 Green diesel

Catalytic synthesis

FT synthesis

MeOH synthesis

HydroCracking/Treating

Aqueous Phase Processing

Catalytic pyrolysis

Aqueous Phase Reforming

Fermentation

Catalytic upgrading

MTG

Ag residues, 
(stover, straws, bagasse)

Intermediates

Bio SynGas

Bio-Oils

Lignin

Sugars

Biogas

Lipids/
Oils

Gasification

Pyrolysis &
Liquefaction

Hydrolysis

Pretreatment &

Hydrolysis

Wide Range of Biofuel Technologies

* Blending
Products

Anaerobic Digestion Upgrading

Transesterification

Hydrodeoxygenation
Extraction

Fermentation
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Advanced Vehicle Technologies
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PHEVs/EVs and RETs

• Batteries and battery mgmt
• Smart Grid
• RTP/IT integration

 

0

100

200

300

400

500

2000 2010 2020 2030 2040 2050

G
W

Base Case

PHEV-20

PHEV-60

W
in

d 
G

en
er

at
io

n,
 G

W

Source: NREL Analysis



National Renewable Energy Laboratory                                                                                                                                       Innovation for Our Energy Future

Possible CoBenefits

Source: EPRI, 2008
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Challenges for Plug-Ins

• Improving batteries
– Cost
– Calendar and cycle life
– Safety of Li-Ion
– Cold temperature performance
– Volume and packaging

• Reducing power electronics cost and volume
• Developing efficient chargers
• Standardizing plugs for charging
• Avoiding negative peak time charging impacts
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New Emerging Programmatic
Areas

• Enhanced Geothermal Systems
• Ocean/tidal
• Smart Grid
• Focus on translational science
• New business models for

commercialization and deployment
• Analysis evaluation/validation
• International cooperation
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Evaluating Potential New Directions

Enhanced Geothermal Systems Ocean Kinetic Energy

Pelamis—Ocean 
Power Delivery

Verdant—Power RITE Turbine

Tidal

Wave



Looking Ahead with Optimism—American
Recovery & Reinvestment

• Invest $150B in alternative energy over 10 years

• Create green jobs with clean, efficient American
energy

• Double production of alternative energy in three
years – enough to power 6 million homes

• Upgrade the efficiency of more than 75% of
federal buildings and two million private homes

• Transforming our economy with science and
technology
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Levelized Cost of Electricity Generation
Federal Credit and Carbon Policies Applied
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Capital O&M Fuel Carbon PTC

0.65

0.49

0.70
0.63

0.62

Relative Nominal LCOE
with PTC and Carbon Policy

Production and investment tax credits per EPACT 2005
Carbon permit price: $ 27/TCO2
Carbon sequestration assumed to eliminate 90% of carbon
emissions

Numerical values represent total LCOE   after
tax credit applied



Getting to “Speed and Scale” for Renewable
Energy – Key Challenges

Implementing Renewable Gigawatts at Scale

Reducing Energy Demand of Buildings, Vehicles, and Industry

• Cost
• Reliability
• Infrastructure
• Dispatchability

• Coordinated implementation
• Valuing efficiency
• Cost
• Performance and reliability

Displacement of Petroleum-Based Fuels
• Cost
• Life cycle sustainability
• Fuels infrastructure
• Demand and utilization
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BARRIERS

BARRIERS

BARRIERS
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Achieving the Potential Requires
Sustained Effort
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